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APPARATUS AND METH QD TXTR DE-PACBeJIZEiG: 
JlSD AUGNING PACEDETJL ZJEBJg^UT DATA 

DETAILED DESCRIPTION OF THE LNVENTION 
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(1) Field of the Invention 



This mvendon relates to apparatus and method for de-packetizing and aligning packedzed 
input data. 

10 

(ii) Prior Art 

In data retrieval or commanicarion systecns, digital data or digitized multimedia infoimarion 
which can be. pozmdally, large or variable in size is noimally packctized before storage or 
15 transmission. This process breaks the data into smaller packets where each packet contains 
one or more detectable synchronization patterns called sync -word, necessary information 
about the packet, and a payload of a smaller partition of the originaI*data. The information 
about the packet may consist of a packet identification (ID), size of the payload contained in 
the current packet, timing information, and any necessary side information. 

In applications where there could be multiple sources of data, for example shared data 
network or multimedia audio/visual information for local data storage device, each source of 
data is packetized and the resulting packets from all sources axe ioterieaved before 
transmission or storage. The packet ID is used to identify the data source of each packet. 
25 Timing information, which may be in the form of time stamps or temporal references, is used 
for ordering of the packets or for synchrunizatioa between each dara source for transmission 
or presentation. 



Information related to both multimedia audio and video data is often very large in size, and 
30 therefore data compression techniques such as MPEG video and audio compression techruques 
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are usually applied before packetization. Paciccdzaiion in this case may also follow the 
mechod as specified by the MPEG Systems specifications. 

With respect to data retrieving operadons, packers fpceived from a communication system or 
5 read from local storage are required to be de-packetlzed before processing by each respective 
data processor. The de-packetizadcn process inphides, first, detecuon of the sync-word, 



)f timing and necessary side information, 
tion and concateriation of the payload to 



follow by verification of the packet ID, exzractio^ 
determining the payload size and, finally, ext 

reconstruct the data. The de-packetized data may be passed co a data processor for further 
10 processing. For example, the data processor fcr MPEG compressed audio data will be a 
corresponding MPEG audio decoder; furthermo -p, this audio decoder may be Lmplemented 
using programmable DSP (Digital Signal Proceiisor) 

Figure 1 illustrates a block diagram of a prior an system. Packstized data is received via a 
15 d^r^ input interface 101, where hand shaking with the packedzed data source is performed, 
a-rvi also, if necessaiy, serial-to-parallel conversion is effected. The received packetized dara 
is processed by a De-packetizsr 103. In order to handle possible jitters in overall transrhission 
rate of the packetized data source and the processing speed of the ds-packerizer, an Input 
FEFO (nrst-in-first-out memory) 102 is inserted in between the data input interface 101 and 
20 : the de^packstizer 103. The de-packetizer 103 can be a dedicated and fixed fjnction hardware 
or a programmable processor performing the de-packedzarion process, as described, to 
produce the de-packetized data. The de-packetized data is placed into an Input Buffer 104 
before being read by Daca Processor 105. 

25 The size of the Input Buffer 104 is determmed by the nature and cype of the data involved, 
the processing bandwidth of the data processor 105 and, possibly, synchrorJzauon 
requirements of other processes outside the system. For example, it may sen-*e as a delay- 
buffer for synchronization of an audio data stream to an external video data stream, or a 
temporal storage buffer such that it can feed regularly to a high speed data processor a block 
30 of data, at a rate higher that the input rate. 
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In Figure 2, a block diagram of another prior art system prior art is illustrated. In order to 
reduce overall system cost and improve performance of ihe daca processor, single port system 
RAM (random access memory) coupling to the system bus of the data processor 205 serves 
as the Input Buffer 204, and a DMA Controller (direct memory access controller) 206 is 
5 liormally used for transferring the de-packeiized daia from the de-packetizer 203 to the input 
buffer 204 via the system bus. The Input Buffer 204 may be optimized in size by using a 
circular buffer technique. 

It is likely that the system RAM and the input daia. (packetized or de-packetized) do not share 
10 the same v/ord formal in terms of number of bit resolution. For example, the MPEG systems 

Ji±ii± la byte dligucd ajaJ muaL DSP 6>aLeini (SyStiill buS, SjSitDX IL-VM, tlC.) xiSit oLAlisirn Or 

more bits per word for performance reasons. It is a task for the de-packerizer 203 to align 
the de-packetized H^ra to the word format required by the data processor before outputiing it 
to the Input Buffer 204, since this input buffer belongs also to part of the data, processor 
15 system RAM. 

In most systems implementadons, flexibility in the De-Packetizer is required, for handling 
variations in the decoding of the sync- word, ID, timing and necessary side informaiion in 
each packet; hence, a programmable processor core is very suitable for these jobs. On the 
.20 other hand, the De-Packetizer . is, also required to perform simple but highly repetitive tasks 

of reading payload from tiie d^t:^ input interface, aligning the de-packetized data to the data 

processor word format, and moving the de-packetized and aligned data to the input buffer. 

A programmable processor core, is highly inefficient for such simple but highly repetitive 

tasks as it takes up a high percentage of the processing cycles. 

A large FIFO may also be required as buffer memory in between the Data Input Interface and 
the De-Packsdzer, due to the requirements of flexibility in the de-packerizaiioD process and 
incfnciciKries of a programmable processor core for simple and highly rcpedcrve tasks. 
Furthermore, additional memory must be associated with the programmable processor core 
30 for storing and processing of the necessary side infonnadon of the packets. 
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SUMNL^RY OF THE INVENTION 

It i5 an object of the current inventioa to provide an improved apparatus and method for de- 
packetizating and aligoing packedzed input data. 

5. ■ . ■ ' ■ . . 

In one aspect, the invention provides apparams for depacketizing and aligning packetized input 

data, having: ( 
an input memory for receiving storing, and output of the input data, and for outputting 

of tmits of a payioad of a data packet of the input data; 
10 data processing means for receiving the outpucted input data from the input memory and 

detecting, ideai^ and determining payioad size of the data packet and generating a payload 
size signal indicative of the size of the payload, and for separately receiving and effecting data 
processing of the payload; 

a word formatter for receiving said units of said payload otitputted firom the input 
15 memory, gathering and aligning said units to form data words, and outputting said words; 

a payload counter for controllmg the input memory in accordance with the payload size 
signal whereby to cause the payload units to be outputted from the input memory to the word 
formatter; and 

an input buffer for receiving said data words from the word formatter and storing these. 
, 20 and for transfaring .the data. words to the dam procespog means, to effect said separate receiving 
of said payload; 

said data processing mran s for cfifecting said data processing using the received said data 

words. 

25 The apparatus may have a data input interface through which the input data is transferred to the 
input memory, said data input intenace for performing hand shaking with a packedzed data 
source of said input data. 

The input memory may 'Qave a fullness level detector for gencradng a level fflled signal when the 
30' input data received then^ is such as to fill the input memory to a predetermined level, and said 
dam processing means may be responsive to generation of said level filled signal to execute said 
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receiving the outputted input daia firom the input memory and detecting, identifying and 
dctenrining payload size of the data packet and generating said payload size signal. 

An interrupt controller may be provided for receiving said level filled signal and generaiing an 
5 interrupt signal pursuant to receipt thereof, said data processing means being arranged for 
receipt of said interrupt signal and, on receipt thereof, for exeoiting said receiving the outputted 
input data 5x>m the input memory and detecting, identifying , and determining payload size of the 
data packet therein and generating said payload size signal. 

10 Tne input memory may have a further fulkiess level detector for generating and directing to said 
dara input interoce a further levd filled signal when the input thereto of firesh input data is such 
as to £11 the Input memory to a further predetermined level, said data input interface being 
responsive to receipt of said further level filled signal to generate a data request signal for 
direction to said packedzed data source, indicative of a need to modify the data transmission rate 

15 of the input data directed to the apparatus fi-om the packetized data source. 

Tne input memory may be controlled whereby said input data comprising said packet is removed 
from the input memory and relaced by firesh input data , pursuant to the transfer to the data 
processing means of said words representing the daU packet to the data the apparatus being 
20 arranged for repetitive depacketizing and aligning of data packets and data processing thereof, 
• the data processing means being arranged for repeutiveiy and aitematingly executing a' step 
comprising said receiving the outputted input, data firom the input memory and detecting, 
identifying and detennining payload size of the data packet therein and generaiing said payload 
size signal, and a step comprising said separately receiving and effecting data processing of the 
25 payload of the data packet. 

The r43f^ processing means may inchide a digital signal processor, data'prograxn memory, DMA 
controller and input buffer, each in data cormnuoicatioa via a bus. 

30 The word formacrcr may be arranged for generaiing a DM.\ request signal ^^iien a said data word 
b formed thereby, and the DMA conu-oUcr is rs^nsivc to said DMA request signal co generate 
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and direct a transfer signal to the digital signal processor, the digital sigiaai processor being 
responsive to the transfer signal to enable the DN'LA. controller to move the data word from the 
word formacter to the input buffer for subsequent processing. 

5 The input memory may comprise a first in first out m.emoiy. 

The data processing means may be arranged to execute said detecting and Identifying the data 
packet by detection of a sync-word, followed by verification of the packet DD. 

10 The data processing means may. pursuant to said detectiog and identifying the data packet, 
extract timing infonnation firom the input data. 

The data processing means may, pursuant to said detecting and identifying the data packet, 
extract side informadon from the input data, 

15 

The invention also provides a method for depacketizing and aligning packetized input data 
comprising: 

receiving and storing the input data in an input memory; 
outputting the stored input data to data processing means; 
20 by use of the data processing means, detecting, identifying and determining the size of 

a payioad bfa data packelt. of the Input data omputted thereto ^ . - . 

by use of the data processing means, generating a.payload size signal Indicative of. the 
size of the pay load; 

controlling the input memory in accordance v/ith the payioad size signal whereby to cause 
25 payioad units which form said payioad to be outputted from the input memory to the word 
formatter; 

by use of said word formarter, gathering and aligning said payioad units outputted thereto 
to form data words; \ 

outputting said data words from said word formatter to an input buner and storing these 
30 in said input bu&cr; : 

transferring said data words to the data processing means; and 
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effecting data processing on the daia pajckct represented by Uic data words transferred 
thereto, using the transferred data words. 

The input data may be transferred to the input memory via an data input interface which 
5 performs hand shaking with a packetized data source of said input data. 

The method may include the step of generating a level filled signal when the input data received 
by the input memory is such as to fill the inpm memory to a predetermined level, and causing 
said data processing means to effect said detecting, identifying and determining payioad size of 
10 the data packet, and to said generate payioad size signal, pursuant to generation of the level 
filled signal. 

The method may include the step of generating an interrupt ^gnai from said level filled signal and 
directing s^it^ interrupt signal to said data processing means to cause said data processing means 
1 5 to effect said receiving the outputted input data Srom the input memory and detecting, identifying 
anH determining payioad size of the data packet therein and to generate said payioad size signal 

The method may include the step of generaxing and directing to said data input interface a further 
level filled signal when the input thereto of fi-csh input data is such as to fill the input memory to 
20 a fiirther predetermined level, and causing said data inpxit interface to generate, responsive to 
. receipt therctry of s^d fiirther levid filled, signal, a data recjuest signal for direction to said 
packetized data source, indic^vc of a need to modify the data transmission rate of the Input data 
directed to the apparatus fi-om the packenzed data source. 

25 The input memory may be controlled whereby said input data comprising a said packet is 
removed &om the input memory and relaced by fresh input data pursuant to the transfer of said 
words representing that data packet to the data processor. A step comprising said receiving the 
outputted inpu: data from the input memory and detecting, identifying and detennining payioad 
size of the 6^^^^ packet therein and generating said payioad size signal Indicative of the dize of the 
30 payioad, and a step comprising effecting data processing of the payioad may be repeticivcly and 
altcmatingly executed. 
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A DM-^ request signal may be generacsd when a said v/ord is formed, and applying the DMA 
request signal to a digital signal processor forming part of said data processing means to cause 
the digital signal processor to enable a DMA. coniroiler to move that data word from the word 
5 formarter to an input buffer of the data processor for subsequent processing. 

The data processing meaz^ may execute said detecting and identifying the data packet by 
detection of a sync-word, foDowed by veiincation of the packet ID. 

10 The inveniioQ also provides apparatus for depacketizin^ and aligning packerized input data, 
having: 

an input memory for receiving storing, and output of the input dara, and for outputting 
of units of a payioad of a data packet of the input data; 

data processing means for receiving the outputted input data from the input memory and 
1 5 detecting identifying and determining payioad size of the data packet and generating a payioad 
size signal indicative of the size of the payioad, and for separately receiving and eSFecting data 
processing of the payioad; 

a v/ord formatter for receiving said units of said payioad oxitputted from the input 
memory, gathering and aligning said units to fonn data words, and outputting said words; 
20 a nayioad counter for controlling the input memory in accordance with the payioad size 

• signal whereby to cause the payioad units to be outputted from the input memory to the word 
formatter; iand 

means for rransrerring the data words to the data processing means, to cnect said 
separate receiving of the data packet, when the stored data words complete said payioad. 

The invention also provides a method for dcpackctizing and aligning packetized input data 
comprising: 

receiving and storing the input data in an input memory; 
outputting the stored input data to data processing means; 
30 by use of the data processing means, detecting, identifying and dctcmining the size of 

a payioad of a data packet of the input data outpuucd thereto; 
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by use of the data processing means, generating a pay load size signal indicative of the 
size of the pay load; 

controlling the input memory in accordance wit±L the payload size signal whereby to 
cause payload units which form said payload to be outputted from the input memory to the 
5 word formatter; 

by use of said word formatter, gathering, and aligning said payload units outputted 
thereto to form data words ; 

outputting said data words from said word formatter to an input buffer and storing 
these in said input buffer; 
10 transferring said data words to the data processing means. 

In a particular form of the invention, a single programmable processor core is used as the 
Data Processor of the system for processing of the de-packetized data; the detection of sync- 
word, decoding of the packet ED, payload size, timing and necessary side information of the 
1 5 data packet which take up only little processing cycles are instead performed by the same Data 
Processor in software to provide the necessary flexibility. The De-Packetizer hardware can 
be simplified to an implementation with only the Payload Counter which controls size of 
payload transferred and the Word Formatter to align the payload data to the Data Processor 
word format. 



AMENDED SHEET 
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By combming the functions of the De-PacketLzer which may require flexibilit>' and the data 
processor iinplemcntaiion on the same programmable processor care, overall system 
complexity and cost can be minimized; furthermore, the use of a programmable processor 
core provides maximum flexibility to the De-Packetizsr functions. On the other hand, the 
5 Payload cotmier and Word Formatter can take care of simple but repetitive tasks in such a 
way that overall system performance may be significandy enhanced with minunal 
implementation cost. 
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^3 BRIEF DESCRIPTION' OF THE DRAWINGS 

Us 

vJ 10 

?3 Fitnire 1 is a block diagram of a prior an system for de-packstizing and processing data; 



0 



^ ^ Figure 2 is a block diagram of a convention (Aniit for de-packsdziag and processing data; 



> ^ ^ Figure 3 is a block ^i^grr^m of an embodiment ^^jdgvice for practising the present invention, 
O Fi^nire 4 is a block diagram of an alternate embodiment of the presenx. invention; and 



Figure 5 is a flow charge Llliistratjhg an embodiment of part of the de-packctizing process ^ ' 
20. jaccording to the present inventio^ 

DETAILED DESCRIPTION 



Referring to Figure 3, Packedzed data is input via the daia input interface 301 to an input 
memory formed as an Input FIFO 302, men ±e Input FIFO 302 is filled to a predetermined 
level, data processing means in the form of a Data Processor 305 is signalled by FIFO Level 
Fillsd Signal 307, and packedzed data is read from the Input FIFO 302 by the Data Processor 
305 via path 308. 



30 The Data Processor 305 scans the read paclcedzsd data for sync-word detecuon. ID checking. 
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payload size, nmiiig and necessary side information decoding. When a valid packet is 
defected (by checking ti^e sync -word and ID) and its payload size, timing and necessary side 
Lnformaiion decoded, the Daia Processor stops reading packetized daca directly from the Input 
FIFO 302, sets the Payload Counter 306 with the decoded payload size value, and returns to 
5 its normal data processing ftmctions. 

When the Payload Counter value is set, it starts loading the Word Formatter 303 with the 
payioad. The Payload Counter counts as each unit of the payload Is being transferred from 
the input FIFO 302 to the Word Formaner 303. The Word Formaner 303 gathers and aligns 
10 the received payload units according to the data processor word format. After a complete 
data word is formed in the Word Formarter 303, the data word is transferred to the Input 
Buffer 304. The Payload Counter 306 stops ouTputting of the payload from the Input FIFO 
302 to the Word Formatter 303 after it has transferred the full payload size for the current 
packet. The Input FIFO 302 is then filled with the input packetized data, and the whole 
15 process is repeated again. 

When the Input Buffer 304 is filled with certain required level of de-packetized data, the Data 
Processor 305 reads the de-p^ketized data from the Input Buffer 305 for further processing. 
The Data Processor 305 outputs the results of the processing. 

20 

■ ~ ' Figure -4' illustrates in more detail an embodiment of a device- for de-packetizrhg' and aligning 
input data according to the present iDvention. A packetized data source (not shown) is 
ccnnecijed to a Data Input Interlace 401 which/Mrovldes necessary signalling for the external 
^^^^ packetized data source as well as possible folijj|jLl conversion. For example, the data input 

25 jnterfa:e msy be an embodin^nt of a serial-to-|arallel adapdve which converts serial format 
Hpr;^ such as the I2S format zo parallel data. /The Data Input Interface 401 is coupled to an 
Inout FIFO 402. 



The Inout FIFO 402' is a fust- in-first-out memory buffer for accumulating input packetized 
30 daia. A suitable size for the Input FIFO 402 depends on the requirements on process latency 
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and processing bandwidth of the Digital Signal Processor 405. Preferably the Input FIFO 402 
has a storage format which is commonly usable by all input packetized data types. For 
exampLc, the byte format is preferred as most packstized data and pay load sizes are specified 
in unit byte size; in this case, the Data Input Interface 401 provides the necessary conversion 
5 of the input packetized data to byte format before storing ic into the Input FIFO. 

The Input FIFO 402 should contain at least one fullness level detector. This fullness level 
detector will generate a FIFO Level FiUed Signal 407 when the Input FIFO is filled to a level 
which is equal to and opdonally greater than a threshold level defmed by the fullness level 
10 detECtor. This threshold level may be pre-defined or programmable. A second fullness level 
detector 'may be provided in the Input FIFO 402 for detecting if the Input FIFO is reaching 
a fullness level which cannot be filled fiirJier. Tois optional second fullness level detector will 
generate the necessary FIFO Full signal 412 cd the Data Input Inierface 401 which will in turn 
adjust a possible Data Request signal 413 to the external packetized data source for stop or 
15 start of transmission. Again, the level for fullness detecnon in the second fullness level 
detector can be pre-defined or programmable. 

It is likely that for most applications the original data such as audio, video, and/or digital 
multimedia Hata is packedzed and interleaved to form a data stream containing many packets. 
■ 20 Before decoding . and processing the data scream, it is de-interleaved if necessary and de- 
packstized. The de-packetization process starts by detecting the sync-word in each packet. 
This is initiated when the FIFO Level Filled Signal 407 is generated by the Input FIFO 402. 
The FIFO Level Fdled Signal 407 is connected to an Interrupt Controller 410 which generate 
an Imemipt Signal 416 to the Digital Signal Processor 405. The Interrupt Controller 410 is 
25 used for arbitrating and prioritizing other possible signals in the device. . In ■ simplified 

systems, the Intcrnipt ConuroUer may be removed, and the FIFO Level Filled Signal 

connected directly to Digital Signal Processor 405 . 

When the Digital Signal Processor 405 is signalled by the Lnterrupc Signal 416 generated by 
30 the FIFO Level Filled Signal 407, it switches to de-packeti2:adon process. In this process. 
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the Digital Signal Processor 405 reads directiy irom the Input FIFO 402 through path 414 and 
the system bus 408. 

An ecibodiment of the de-packetizaiion process is illusaaied in Figure 5. Basically, on 
5 detection of ±e FIFO level fUled signal 500. Input packetized data is read, at step 501 and 
scanned at step 502 for the sync -word. The sync-word is defined based on applicaiions or 
packet types, and is normally a digital pattern not easily found within the payload. After 
detection of the sync-word, the process checks ax step 503 for the correct packet ID which 
may be used to differenuate packets from different data sources, types, or versions. Fault 
10 detection of the sync-word (emulauon of the sync-word within payload data) is also 
minimized with the packet ID check. If there is wrong ID found, the process is reset to sync- 
word detection again. After checking the ID, the process executes step 504 at which the 
correct amount of packetized data is extracted from the Input FIFO for payload size, tiniing 
informadDn, and necessary side informanon. Before exiting the de-packetizarion process (step 
1 5 506), the Payload Counrer (406) is set, at step 505 with payload size which defmes the size 
of the data, payload with the current packet. 

The Input FIFO 402 may become empty while reading by the Digital Signal Processor 405 
in the middle of the de-packetization process. In this case, the Digital Signal Processor exits 
. ' 20 the de-packetizaiio.n. process and return to Lcs. original process. When the FIFO isTilled to the . 
threshold level again, die Digital Signal Processor is signalled agam and die de-packedzation 
process resumes. 

The Payload C:ounter 406 may include a decrement byte counter which can be set by the 
25 Digital Signal Process 405 through the System Bus 408, and some necessary conurol circuits. 
When the decrement byte counter is set with the payload size in terms of number of bytes 
(value greater than zero), a Payload request signal is sen: to the Input FIFO 402 through path 
415. If the Input FIFO 402 is not empty, the Word Formauer 403 is noc full, and the 
decrement byte counter's value is greater than rero (payload request signal sec), one byte will 
30 be transferred from the Input FIFO 402 to the Word Formatter 403. and the decrement byte 
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counrer's value is reduced by one iadicaiad by payload acknowledge signal from Input FIFO 
402 through path 415. Hence, die Psyload Counter 406 provides the iunction of moving che 
exact amount of payload dan of each packet from the Input FIFO 402 to the Word Formatar 
403. 

5 ■ 

Tne Word Formaner 403 aligns dae payload data according to the word format of the Digital 
Signal Processor 405 and moves the aUgned payload data to an LTPUt Buffer 404. The word 
format is defined by bit width for a data word handled by the Digital Signal Processor 405. 
The Input Buffer 404, possible data/program memory 41 1 for the Digital Signal Processor, 
10 and the coupling System Bus 408 are supporting the same word format. For example, if the 
woid formal is given at 16-bit. two bytes iraisi be received from the Input FIFO which is byte 
formal memory to form a data word. When a data word is formed, it is transferred to the 
Input Buffer 404 via the System Bus 408. A DMA Controller 409 may be used to minimize 
the interruption to the Digital Signal Processor 405 for the transfer. In this case, when a data 
15 word is formed in the Word Formatter 403. a DMA request signal is generated to the DMA 
controller 409 which in turn make a Transfer request signal to the Digital Signal Processor. 
The Digital Signal Processor acknowledges the request when it releases the System Bus 408. 
The DMA Contrxjller 409 will then move Ac data word from tbe Word Formatter to ±!c Input 
Buffer through the system bus. 

There nxay be packets with payload which contain a non-integer number of data words; for 
example, a packet with payload size in an odd number of bytes where the data word format 
is 16-bit. In this example, thjs last byte of the packet payload is stored in the word formatter 
undl che first byte of the next packet payload is transferred to the word formaner. Therefore, 
25 the Word Formaiter 403 provides ail necessary daia word aUgnmem functions for the packet 
payload to the Input Btiffer 404 to form the final de-packetized data which wiU be processed 
by the Digital Signal Processor 405. The Digital Signal Processor 405 may be replaced by 
any other smtable programmable processor core in odier embodiments according to the 
present invention. 
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The writing of de-packetized data to the Input Buffer 404 and the reading of it by the Digital 
Signal Processor 405 can be organized in a circular buffer mode to increase efficiency. In 
another embodiment of the current invention, it is advantageous to combine the Input Buffer 
404 with any Data/Program Memory 411. The present invention does not exclude 
5 embodiments with multiple word formatter and input buffers, as it can be easily expanded to 
handle de-interleaving, de-packetization and alignment of multiple packetized input data. 

With the coupling of the pay load counter and word formatter with data input interface and 

input FIFO, the present invention provides a very low cost but efficient implementation for 

^|l0 de-packetizing and aligning packetized input data. The pay load counter and word formatter 

%'J . " . 

in combination releases data processing load from the data processor for the system. Its 

p capability of aligning the de-packetized data.for the input buffer allows saving of memory size 

needed for the input buffer and hence saving of implementation cost. The described 

in arrangements of the invention have the ability of sharing the data processing task and the part 

q15 of the de-packetizing task with the same data processor and therefore provides all needed 

flexibility in the de-packetizing task. 

S , S 
s i s 
•a 

;i The described arrangements have been advanced merely by way of explanation and many 
modifications may be made thereto without departing from the spirit and scope of the 
' 20 invention which includes every novel feature and combination of novel features herein 
-vdisclosed.. -^v:-..- :'''-/\:r:'y'':': ^ ^ ■ ■' • 



